The proposed use of methanol as an automotive fuel and its introduction as a possible air pollutant has renewed interest in its toxicology (1) , as little is known about either the effects of low-dose methanol exposure or biological markers of its toxicity (2) . Methanol levels in urine have been shown to correlate with methanol exposure (3) (4) (5) (6) . However, because methanol toxicity is due to formate, its principal metabolite, (7) (8) (9) , formate might be a better indicator of toxicity. Some investigators have reported serum and/or urine formate concentrations as biological indicators of methanol exposure (10) , although other studies have failed to confirm this (2, 4, 11) . In this report, we describe the effect of 4-hr constant exposure to methanol vapors at the U.S. National Institute of Occupational Safety and Health permissible exposure limit of 200 ppm on serum and urine formate levels in humans at rest. Data presented here are part of a larger study in which neuropsychological and visual performances and methanol in serum and urine are measured before and after methanol exposure. Methanol and neuropsychological data will be presented in a subsequent work. Of 32 subjects answering an advertisement describing the study, 28 met the inclusion criteria. After the interview and the physical exam, one subject was excluded because of a history of hepatitis B. All subjects gave informed consent, and the study was approved by the Committee on Human Research at the University of California San Francisco.
Inclusion criteria were age between 20 and 55 years, in general good health, and a normal level of folic acid. Exclusion criteria were a positive history of hepatitis or liver disease, central nervous system diseases, and drug or alcohol abuse. A questionnaire was administered for data on medical history, personal habits (smoking, coffee and alcohol consumption), occupational history, and chemical exposure. None of the subjects had known recent occupational exposures to methanol, formic acid, or formaldehyde. Subjects were requested to follow a diet from 24 hr before the experimental session and for the 8-hr duration of the study. They were requested to avoid sweetners and soft drinks containing aspartame (Nutra-Sweet), vegetables, fruits, fruit juice, roasted coffee, and alcoholic beverages in order to reduce dietary intake of aspartame, methanol, and formate. Fluid intake was not restricted with the exception of beverages specified in the diet.
The exposure took place in a 2.45 x 2.45 x 2.38 m stainless-steel exposure chamber. The chamber had a total volume of 14.3 m3 and a ventilation rate of 11.8 air changes/hr (2.8 m3/min). Air entering the chamber was filtered through a charcoal filter. Temperature was maintained at 20'C and relative humidity was 40% (12) . The vapor-generating system, located inside the chamber, generated vapors at a rate of 43.68 g/hr. An -(control exposure). The exposure conditions were randomized and double blinded. Only the industrial hygienist, in charge of the methanol delivery system, was aware of the presence of methanol in the chamber. Volunteers were exposed in groups of three. The methanol concentration inside the chamber was stabilized to 200 ppm before subjects entered and was only slightly affected (within 10% variation) by the door being opened. Subjects were sitting at rest inside the chamber during the full 4-hr exposure. Urine samples were collected before subjects entered the chamber (0 hr), upon exiting the chamber (4 hr) and 4 hr later (8 hr) . Blood samples were collected by sampling from a heparin lock placed in an antecubital vein before subjects entered the chamber, every 15 min for the first hour, every 30 min for 3 more hr, and every hour for the final 4 hr. All the experimental sessions were held from 0900 to 1700 hr.
We analyzed serum samples for formate using an enzymatic method with a colorimetric endpoint (13) . The sensitivity of the method is 0.5 mg/!, and the coefficient of variation at 12 mg/l is 10%. The same method was used for the urine assay by modifying the size of the sample (80 fil for serum and 200 pJI for urine) Data were analyzed using the SAS system and included analysis of variance, paired Student's t-test, regression, and analysis of covariance with sex, folic acid level, smoking habit, and age used as covariates.
Twenty-six of the 27 enrolled subjects completed the study, 11 females and 15 males (1 subject declined to continue the study because of blood drawing intolerance). Age was 35.8 years ± 6.9, (mean ± SD throughout). Serum folate levels ranged from 3.80 to 25.20 ng/ml (normal value: above 3.1); the mean was 10.25 ng/ml. Seven were smokers (27%). No subject was taking prescribed medications.
Two subjects were consuming multivitamin preparations. Data on the urine concentration of one subject taking more than 10 g of ascorbic acid daily were excluded because of an interference by this amount of ascorbic acid on the format assay.
Serum formate concentrations, at any of the time points, did not show any statistically significant differences between the two exposure conditions. For example ( CBaseline is value of serum formate before the exposure (0 hr). Table 4 . There were no statistical differences in these comparisons or in the changes over time.
We examined the role of other factors as covariates by regression analysis with various formate measures as the dependent variable, and no significant relation was found when sex, folic acid level, smoking habit, and age were tested.
In this randomized, double-blind study of human exposure to methanol, in which each subject served as his or her own control, a 4-hr exposure to a constant concentration of 200 ppm methanol did not increase serum or urine formate levels.
Methanol is readily absorbed through the respiratory system, and inhalation is the most common route of entry in an occupational setting. Pulmonary retention of methanol has been estimated by Sedivec et al. (3) as being 58% of the inhaled dose. In humans, alcohol dehydrogenase oxidizes methanol to formaldehyde, and formaldehyde dehydrogenase oxidizes formaldehyde to formic acid. Accumulation of formic acid in blood occurs during acute methanol intoxication, and this has been shown in primates to be responsible for the metabolic acidosis and visual toxicity, complicating methanol overdose (7, (14) (15) (16) (17) . (2) performed an experiment in which four adult subjects were exposed to 200 ppm of methanol in a chamber for 6 hr. Urine formate concentrations were not statistically different at the preexposure, 6-hr, and 16-hr time points. Because this study did not have a control group and the sample size was small, a definitive conclusion cannot be drawn. Yet the findings are consistent with methanol pharmacokinetic parameters such as half-life, volume of distribution, and elimination rate at low concentrations (18, 21, 24 
